Objective: Sleep disturbance and hot flashes are common during menopause, but their association is not well understood. We sought to understand the associations among sleep disturbance and the frequency, bothersomeness, and interference of hot flashes in mid-life women. Study design: STRIDE is a study of women ages 40-65 years at varied menopausal stages. We examined the cross-sectional associations of sleep disturbance with the frequency and bothersomeness of hot flashes, and interference of hot flashes with work, social, and leisure activities during the 2nd year of STRIDE. 
Introduction
Vasomotor symptoms (hot flashes and night sweats) are reported by up to 75% of women during menopause and are considered to be a hallmark of menopause. However, among women who experience hot flashes, not all find them bothersome or that they interfere with their lives [1] . It is estimated that 40-64% of all perior postmenopausal women report disturbed sleep [2] [3] [4] [5] . While hot flashes and sleep disturbance are both commonly reported during menopause, their association with each other is not well understood.
While some studies have shown an association between the severity of hot flashes and insomnia symptoms [6, 7] , others have found that mid-life sleep disturbance is related more to psychological well-being and life stressors than to physiologically assessed menopausal hot flashes [8, 9] . The concept of "bothersomeness" of hot flashes may help explain these disparate findings, yet there are scant data examining the relationship between a woman's perception of how bothersome her hot flashes are and her sleep.
This study examines associations between several hot flashrelated indices (perceived frequency, bothersomeness, and interference) and aspects of sleep disturbance (difficulty falling asleep, waking up several times a night, and/or waking up earlier than planned and being unable to fall back asleep) in mid-life women. We hypothesized that women with more frequent, bothersome hot flashes, and interfering hot flashes would report more sleep disturbance. 40-65 who presented to the practice were asked to participate in a study examining the impact of menopause on health-related quality of life. All women who were in this age range, spoke English, and consented to participate were enrolled in the study. The enrollment of the cohort has been described in more detail previously [10] . Of the 732 participants enrolled in STRIDE, 677 (93%) completed the second year questionnaire that included questions about sleep and hot flash interference; 623 had complete data and formed the analytic sample for these cross-sectional analyses ( Table 1 ). The project was approved by the University of Pittsburgh Institutional Review Board (#0407165) and registered with clinicaltrials.gov (#NCT00097994).
Methods

Participants
Do Stage Transitions Result in Detectable Effects
Measures
In STRIDE, women completed annual questionnaires. Women could self-complete the questionnaires on the study website from home or over the telephone with trained research staff. If questionnaires were completed over the telephone, answers were directly entered into the Internet-based forms by the research staff. Questionnaires included information regarding demographics, menopausal status and menopausal symptoms, hormone therapy use, medical comorbidities, tobacco and alcohol use, physical activity, and health-related quality of life. In the second year of the study, women also answered questions related to sleep and the interference of hot flashes in their daily life.
Sleep disturbance
Beginning in the second year of the study, women were asked to report about their sleep over the past two weeks. Women who reported any of the following at least 3-4 times a week were classified as having sleep disturbance [1] : trouble falling asleep [2] , waking up several times a night, and [3] waking up earlier than planned and unable to fall back asleep again [11, 12] .
Hot flashes, hot flash-associated bother, and hot flash interference
In the annual STRIDE questionnaire, women were asked about the frequency and bothersomeness of hot flashes in the last four weeks. Women reported the frequency of hot flashes on a 5-point scale ranging from 0 (none of the time) to 4 (all of the time). Women who reported experiencing hot flashes at least some of the time (a rating of 2 or above) were asked to rate the bothersomeness of hot flashes using the same 5-point scale. Based on these responses, we constructed a summary symptom plus bother variable. Women were classified as: (1) not having hot flashes (frequency of none or a little of the time), (2) having hot flashes at least some of the time but not bothered by them (bothered none or a little of the time), or (3) having hot flashes at least some of the time and being bothered by them at least some of the time.
Beginning in the second year of STRIDE, all women, regardless of reporting hot flashes, were asked about interference of their hot flashes with work, social activities, and leisure activities in the last two weeks on three questions using a 10-point response scale ranging from do not interfere to completely interfere. These questions, derived from Carpenter's Hot Flash Daily Interference Scale, was considered an alternative marker of hot flash severity [13] . We defined 0-1 as does not interfere and 2-10 as interferes based on the distribution of responses. Of note, some women who reported hot flashes less than some of the time (and were therefore classified for these analyses as not having hot flashes) still reported at least some interference.
Other variables
Menopausal status was classified as pre-, early peri-, late peri-, early post-, or late postmenopausal based on bleeding patterns using a modification of the Stages of Reproductive Aging Workshop [14, 15] . Women who previously had hysterectomies or were taking oral contraceptive pills could not be classified based on bleeding patterns and were placed into separate categories.
Race was dichotomized as white and non-white. Smoking status, hormone therapy use (any exogenous hormone use), and hazardous drinking (defined as more than 7 drinks per week or more than 4 drinks on any one occasion) (NIAAA, www.niaaa.nih.gov/) were dichotomized as "yes" or "no." Education was categorized as "less than or equal to high school," "some college," "completed college," and "graduate degree."
Women reported the presence or absence of nine comorbid medical conditions: heart disease, heart failure, depression, diabetes, emphysema or lung disease, stroke, arthritis, cancer (other than skin cancer), and high blood pressure. Women were placed into comorbidity categories of: "none," "1-2 conditions," or "≥3 conditions." Marital status was categorized as either "married," or "single," "widowed," or "divorced." Baseline age was calculated from participant's date of birth and body mass index (BMI: weight in kilograms divided by height in meters squared) was abstracted from the participant's medical record.
We used the RAND-36 emotional well-being scale as an indicator of depressive symptoms [16] . The population average RAND-36 emotional well-being score is 50 [16] . Participants were classified as physically active or inactive based on self-report of participation in at least 30 min of moderate physical activity five days a week [17] .
Statistical analyses
We excluded 54 women with incomplete information for the predictors, outcomes, or covariates. We next summarized participants' baseline characteristics using frequencies and measures of central tendencies.
We used logistic regression models to examine the associations between the frequency and bothersomeness of hot flashes and sleep disturbance. Covariables were selected a priori for inclusion in the initial multivariable models based on their relationship to hot flashes and/or sleep disturbance in the literature. Covariables included age, race, education, marital status, menopausal status, hormone therapy use, medical comorbidities, tobacco and alcohol use, physical activity, and emotional well-being. For example, African American women, older age, and lower levels of educational attainment have been associated with more hot flashes [18] .
A second set of multivariable models were then constructed to understand whether associations between the frequency and bothersomeness of hot flashes and sleep disturbance remained when the perceived interference of hot flashes with work, leisure, and social activities were included in the models. The proportional odds assumption was confirmed in all models. All analyses were conducted using STATA version 10 (Stata Corp., College Station, TX). We considered a p-value of <0.05 to be significant.
Results
Participant characteristics
Of the 623 participants, 22% were premenopausal, 18% were perimenopausal, 39% were postmenopausal, and 21% reported having a hysterectomy. Six percent of women reported hot flashes without bother while 32% reported bothersome hot flashes. Prevalence of hormone therapy use was low. The majority of participants were white, married, reported 1-2 comorbid medical conditions, and reported engaging in moderate physical activity for 30 min at least five days per week. On average women were 53 years old with a BMI in the obese range (30) and with a mean emotional well-being score of 46 (Table 1) slightly below the population mean score of 50 (15) . Three hundred thirty-eight women were classified as having disturbed sleep.
Hot flashes and sleep disturbance
In bivariate analyses (Table 1) , reporting bothersome hot flashes, but not hot flashes without bother was associated with sleep disturbance (odds ratio (OR) [95% confidence interval (CI)]: 2.8 [2.0-4.0] and 1.3 [0.7-2.5], respectively). In multivariable models, reporting bothersome hot flashes remained associated significantly with reporting sleep difficulty ( Table 2) .
Associations among the frequency and bothersomeness of hot flashes, perceived interference of hot flashes and sleep disturbance
We next investigated whether the association between the frequency and bothersomeness of hot flashes and sleep disturbance was attenuated by perceived interference of hot flashes with: (1) work, (2) social activities, or (3) leisure activities. It is notable that only 9% of women who reported vasomotor symptoms reported interference from hot flashes never or rarely.
As expected, having any hot flashes (even those that were not rated as bothersome) were related to perceived interference of hot flashes with work, social activities, and leisure activities (p < 0.01). Perceived hot flash interference with work, social activities, and leisure activities was also associated with increasing sleep disturbance as compared to women who did not perceive their hot flashes as interfering (p < 0.001 for all comparisons).
Including perceived interference of hot flashes in multivariable models testing associations between hot flashes and sleep disturbance, only hot flash-associated interference with leisure activities remained significantly associated with sleep disturbance (OR [95% CI]: 4.0 [1.3-12] 
Discussion
We tested the associations between both the frequency and perceived bothersomeness of hot flashes with subjective sleep disturbance in mid-life women. We also examined the role of the perceived interference of these hot flashes on work, social activities, and leisure activities in the relationship between hot flashes and sleep disturbance. We found associations among bothersomeness of hot flashes, perceived interference of hot flashes and self-reported sleep disturbance. These findings add to the current literature that is beginning to disentangle the relationship between the occurrence of hot flashes, the perception and perceived bothersomeness of hot flashes, and how women describe hot flashes as interfering with their lives. The findings may help shed light on the role that sleep and perceived interference play in women's perception of a hot flash as "bothersome."
In addition, it adds to the literature of mid-life women, hot flashes, and sleep disturbance by tying the association between bothersome hot flashes and interference of these hot flashes with sleep disturbance. Though many studies have hypothesized that hot flashes and vasomotor symptoms are associated with sleep disturbance in perimenopausal and postmenopausal women, this study expands on this idea. Our study found that rather than hot flashes per se, it was the bothersome hot flashes perceived as interfering with life, especially leisure activities, that were most associated with sleep disturbance. It may be that the women who tend to notice that their hot flashes are bothersome during their leisure activities, when they are resting or relaxing, may also be more bothered at night during sleep. The direction of this association needs to be evaluated in future studies.
This study has several limitations that are worth noting. While we have adjusted for many potential confounders including medical comorbidities and emotional well being, STRIDE does not include detailed information about participant's medication use and depression, both of which have been implicated in sleep disturbance and hot flashes. The time frame of our questions regarding hot flashes and sleep disturbance is different. STRIDE's information about sleep and hot flashes is based on self-report only, and it is possible that common reporting factors may underlie the relations observed here. In addition, we did not ask women what time of the day they were reporting hot flashes or bothersome hot flashes. It would also be interesting to understand if there is an association between the timing of day that women have subjective reports of bothersome hot flashes and sleep disturbance at night. Only 6% of women with hot flashes at least some of the time did not find their hot flashes bothersome; the absolute number of women in our study in this group was also small, limiting our ability to draw conclusions about this group of women. Further, we did not record method of survey administration (i.e., telephone vs. Internet), which may influence response [19] . Finally, this is a crosssectional observational investigation of sleep and hot flashes, and therefore the temporal or causal nature of these relations cannot be determined here.
Further research examining the longitudinal relationship between bothersome and interfering hot flashes with sleep disturbance would help shed light on the directionality of these associations, as well as their joint or independent patterns of change over time. Particularly of interest would be studies that can examine a closer temporal relationship between hot flashes and sleep disturbance by asking women if they experienced hot flashes or sleep disturbance last night or using physiologic measures of both hot flashes and sleep in conjunction with questionnaire assessments. Studies incorporating physiologic measures of both sleep and hot flashes would further assist in teasing out relations between reporting vs. the physiologic occurrence of each of these symptoms.
Conclusion
Bothersome hot flashes were associated with increased sleep disturbance in midlife women. This may be due to hot flash interference nature of hot flashes particularly with leisure activities. Midlife women with complaints of either hot flashes or sleep disturbance should be queried regarding hot flashes, sleep quality, and the bothersome and interfering nature of these symptoms.
